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The talk is divided into three sections:

www.eumetsat.int

* |[ntroduction
« EPS-SG Observation Missions

* Preparing users for EPS-SG
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. Current EUMETSAT operations in space: 10 satellites

METOP-B & -C
(Local Equator Crossing Time - 9:30 AM)

LOW EARTH, SUN-SYNCHRONOUS ORBIT JASON-3 (63° incl.)

SENTINEL-3A & -3B (98.65° incl.)
LOW EARTH, SUN-SYNCHRONOUS ORBIT

SENTINEL-6 Micheal Freilich (66° inl.)
LOW EARTH, DRIFTING ORBIT

METEOSAT-8 (41.5° E)

METEOSAT 2N> GENERATION ~ FULL DISC IMAGERY MISSION (15 MINS) (METEOSAT-11 (0°)) GENERATION PROVIDING
RAPID SCAN SERVICE OVER EUROPE (5 MINS) (METEOSAT-10 (9.5° INDIAN OCEAN DATA
) COVERAGE SERVICE (I0DC)

METEOSAT-9 STORED IN ORBIT (BACKUP)



Relative impact on NWP: satellite obs vs other obs

www.eumetsat.int

Metop-A, -B, -C - 25%

NOAA JPSS/S-NPP - 22%

GEO satellite observations - 15%

Other LEO satellite observations - 11%
Other Radio Occultation observations - 5%
In-Situ/Conventional observations - 22%

0% 5% 10% 15% 20% 25% 30%
METOP-A, -B, -C
NOAA+NPP
SONDES
AIRCRAFT
GEO GOES
SYNOP+METAR
COSMIC-2
AQUA+TERRA
GEO HIMAWARI
GEO METEOSAT
BUQYS+SHIPS
SCATSAT-1
GPM-1
GCOM-W1
FY3-B,-C,-D
DMSP-F17
LEOGEO
KOMPSAT
WIND PROFILERS
TERRASAR-X
GROUND GNSS
SPIRE
MEGHA TROPIQUES
CORIOLIS
COSMIC-1

Source: Met Office, UK

EUM/IM/TEM/21/1250548, v1A, 26 January 2022 4



Hurricane Forecasting and Tracking: Hurricane Irma
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b i www.eumetsat.int
] . = Paiy

Forecast with satellites . .700hPa humidity and wind
i initial conditions with satellites
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METEOSAT THIRD
GENERATION (MTG)

EUMETSAT POLAR SYSTEM -
SECOND GENERATION (EPS-SG)

Metop-SG B
Microwave Imagery

METOP-SG A

Sounding and Imagery

MTG-I
Full Scan Service

G~ ® | MTG-
Rapid Scan Service

MTG-S
Sounding Service
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EPS-SG full operational configuration

- Same orbit as Metop
> sun-synchronous,
> 832 km mean altitude
> 09:30 local equator crossing
time

Metop-SG A
Sounding & Optical Imaging

Launch of Metop-SG Al — Q2 2024

Metop-SG B
Microwave Imaging and Sounding

Launch of Metop-SG B1 — Q1 2025

@& EUMETSAT




EUMETSAT MISSION PLANNING

YEAR... 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 3 36 37 38 39 40

MTG-I-1 : IMAGERY # B
‘ MTG-S-1: SOUNDING ‘ F

EUMETSAT POLAR SYSTEM (EPS) MTG-I-2: IMAGERY
METOP-A MTG-I-3: IMAGERY

METOP-B MTG-S-2: SOUNDING
MTG-I-4: IMAGERY

MANDATORY PROGRAMMES

EUMETSAT POLAR SYSTEM SECOND GENERATION (EPS-SG)

METOP-SG A: SOUNDING AND IMAGERY
METOP-SG B: MICROWAVE IMAGERY

SENTINEL-6 MICHAEL FREILICH

SENTINEL-6B

SENTINEL-3 A/B/C/D

SENTINEL-4 ON MTG-S
SENTINEL-5 ON METOP-SG A

OPTIONAL AND THIRD PARTY
PROGRAMMES

YEAR... 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 3 36 37 38 39 40
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EPS-SG Mission Objectives

www.eumetsat.int

* Primary mission: further improve observational inputs to Numerical Weather
Prediction models.

« Continuation and enhancement of service from mid morning polar orbit in
2024 - 2043.

» Significant contributions to other real time applications:
« Nowcasting at high latitudes
« Marine meteorology and operational oceanography
« Operational hydrology
 Air quality monitoring

Climate monitoring: expand by 20+ years the climate data records initiated in
2006 with EPS (first generation).

EUM/IM/TEM/21/1250548, v1A, 26 January 2022 9



EPS-SG mission capabilities

= Major improvements to all EPS observation missions

= [nfrared and microwave sounding

= Optical imagery
= Scatterometer

= Radio occultation

= New imagery missions:
= 3MI: first operational imaging polarimeter
= MWI:. microwave imagery of precipitation
= ICI: Ice Cloud imagery

EUM/IM/TEM/21/17:

)548, v

26 January 2022

www.eumetsat.int

Metop-SG payload Nslztt(;ﬁltsf

Infrared. Atmospheric Sounding Interferometer — New A
Generation (IASI-NG)

Micro-Wave Sounder (MWS) A
Visible-Infrared Imager (METimage) A
Scatterometer (SCA) B
Radio Occultation (RO) A and B
UV-VIS-NIR-SWIR Sounder (Sentinel-5) A
Multi-viewing, -channel, -polarisation Imager (3Ml) A
Micro-Wave Imager (MWI) B
Sub-mm wave Ice Cloud Imager (ICl) B

10




E PS-SG overview video:

www.eumetsat.int
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Microwave Sounder (MWS)

MWS CH 17

Objectives / products

® Temperature/humidity profiles in clear
and cloudy air

® Cloud liquid water total column

® Imagery: precipitation

EUM/IM/TEM/21/1250548, v1A, 26 January 2022
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2016024 2018

AMSU—A Channel 8 (55.5GHz) Brightness Temperature (C)
0526 Time: 1752 UTC

Metop—E

www.eumetsat.int
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IASI-NG instrument - - New features compared to IAS|

www.eumetsat.int

IASI-NG Is a continuation of the IASI mission: Michelson interferometer

v’ Spectral coverage: 645 -2760 cm’

®06 6
v' Spectral sampling (0.125 cm™™) and resolution of 0.25 cm’ ool loeeo e
= Better than IASI (0.25 cm™ and 0.5 cm respectively) p:~ _C)l_”_i_\f_
v" Swath of 2200 km and pixel size is 12km at nadir | © OO ®
i t
v Detector: 4x4 pixels (100x100 km) ,
v Half of the IASI radiometric noise (0.25K) s IASING

EUM/IM/TEM/21/1250548, v1A, 26 January 2022 14



IASI-NG Products

www.eumetsat.int
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Impact of hyperspectral sounding on forecast skill in regional NWP

www.eumetsat.int

Impact on precipitation prediction
example of 12h precipitation between 00 and 12UTC
on 21 May 2009

12h forecast range

200

100

60

Reference: no [IASI

EUM/IM/TEM/21/1250548, v1A, 26 January 2022

Experiment:

with TASI
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| VEC N

Verif.: Rain gauges

Guidard et.al, QJRMS, 2011



Radio occultation sounding (RO)

www.eumetsat.int
-180 -150 120 80 80 -30 0 W & @0 120 150 180
=) @0

Objectives / products w - = } - &
Refractivity profiles at high vert. resolution 2 L1 o \\ 4y l . ~
Temperature / humidity profiles o . “'jl" 0
PBL top and tropopause height = 14 it | T
lonospheric electron content ) ' e AN 0

-1tan -1 =n 12N -an AN -aun n an an an 12N 1=n an

Breakthrough

®  Tracking of GPS and Galileo satellites to double the
number of occultation measurements s =we | mEm | mew | @Ew | mED | Soo

Tenmperature [K1

® RO mission on board Metop-SG A and B satellites.

EUM/IM/TEM/21/1250548, v1A, 26 January 2022 17



Visible and Infrared Imagin mission: METimage

www.eumetsat.int

METimage on board EPS-SG will:

» Provides continuity to

« AVHRR (Advanced Very High Resolution Radiometer) series on board the EPS and NOAA satellites
and

* VIIRS on board NOAA satellites.
« Great improvement with respect to AVHRR and comparable performance with respect to VIIRS

METimage AVHRR

« Number of channels: 20 (from ~0.44pm to * Number of channels: 5 (from ~0.6um to
~13.3um) ~12um)

 Spatial resolution: 500m « Spatial resolution:

« Swath: 2800 km « Swath: 2900 km

« Dynamic surface auxiliary data (albedo, « Static surface auxiliary data (climatology)
surface emissivity) * No snow/ice map

« Dynamic snow/ice auxiliary map  Auxiliary forecast with every 6h step

« Auxiliary forecast with every Th step

EUM/IM/TEM/21/1250548, v1A, 26 January 2022 18



METimage - Additional Spectral channels

www.eumetsat.int

Visible (um) 0.63, 0.865 0.443, 0.555, 0.668, Aerosols, Clouds (cloud
0.752, 0.763, 0.865 top height)

Near Infrared (um) 1.61 0.914, 1.24, 1.375, Water vapour Imagery,
1.63, 2.25 Total water vapour
column, cloud
Infrared (pm) 3.74, 10.8, 12 3.74, 3.959, 4.05, clouds (cirrus clouds,
6.725, 7.325, 8.54, cloud microphysics),

10.69, 12.02, 13.345 temperature profile
information

EUM/IM/TEM/21/1250548, v1A, 26 January 2022 19



Enhanced Spatial Resolution

www.eumetsat.int

1km 500 m

03 June 2021, 10:45 UTC Aqua MODIS, over Finland

EUM/IM/TEM/21/1250548, v1A, 26 January 2022



METimage primary products

Primary products to be derived from the VIl mission are:
* Cloud observations including microphysical analysis
* Water-vapour imagery

e Aerosol observations

* Polar Atmospheric Motion Vectors (AMVs)

e Earth surface albedo

* Vegetation

e Cryosphere (snow, sea and land ice imagery)
* Fire detection

 Surface temperature (land and sea) -

ppp
§ 5N

Slide: 21
EUM/IM/TEM/21/1250548, v1A, 26 January 2022 21



EPS-SG Scatterometer

Provide information on the intensity and direction of ocean surface wind

Soil moisture
Snhow equivalent water
Sea-ice type

Metop — ASCAT
Frequency 5.255 GHz (C-band)
Swath width 550 km
Spatial resolution 50 km
Incidence angles

 25°to 53° (mid beams)

* 34°to 65° (side beams)
Polarisation: VV

Metop SG - SCA

Frequency 5.355 GHz (C-band)
Swath width ~650 km
Spatial resolution 25 km
Incidence angles
e 20°t053.7° (mid beams)
e 28.4°to 65° (side beams)

Polarisations: VV plus HH + HV + VH on mid-
beams for improved high winds retrieval

www.eumetsat.int
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Scatterometer observations for Tropical cyclones

Tropical cyclone Kyarr: Wind Speed and Direction

www.eumetsat.int

Typhoon Haiyan: Assimilation of Scattermoter data

STATISTICS FOR 10MWINDSPEED FROM FROM METOP-A/ASCAT (GLOBAL)

MEAN OBSERVATION (USED)
DATA PERIOD = 2013-11-07 09 - 2013-11-07 21
EXP = GOQE, BEST AMBIGUOUS WIND
Min: 1740 Max: 24990 Mean:  9.566

GRID: 0.50x 0.50
120°E A

21.97-

21,03

19.15-
18.21-

17.28

16.34-
15.40-
14.46-
13.52-
12.58-

cee ot 11.64

10.70-

33 ; ' 9.76-
33 8.82-
7.88-

6.95-

6.01-

5.07-

4.13-

3.19-

1.74-

L
]
I 20.00-
i
i
111

2499
2197
21.03
20.09
19.15
18.21
17.28
16.34
15.40
14.46
13.52
12.58
11.64
10.70
9.76
8.82
7.88
6.95
6.01
5.07
4.13
3.18

De Chiara et.al, ECMWF Technical Notes, 2016
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https://www.eumetsat.int/active-indian-ocean-tropical-cyclone-season

EPS-SG Microwave Imaging Missions Objectives

www.eumetsat.int

* Provision of cloud and precipitation products
« Support Numerical Weather Prediction at regional and global scales
MicroWave _ , _
Imager « Nowcasting and very short-range forecasting at regional scales
(MWI)
« Support observations of sea ice parameters and snow cover, snow water equivalent, sea
surface wind.
« Continuity of measurements of key microwave imager channels as observed by SSM/I, TMI,
SSMIS, AMSR-E, GMI, in support of long-term climate records
* Provision of ice cloud products for climate monitoring
Ice Cloud L : " : :
Imager « Support the validation of ice clouds models and the parameterisation of ice clouds in weather
and climate models
(ICI)
 Fill observational gap: provide information on non-precipitating ice that are not covered either
in the optical/thermal IR or in the mm-wave range

EUM/IM/TEM/21/1250548, v1A, 26 January 2022 24



MWI and ICI TB simulations (hurricane “IKE” , 06/2008)

Total Column Water
Vapour, liquid and

frozen hydrometeors,
sea ice, snow cover,
wind speed, surface

emissivity <€

light
precipitation
and snowfall,
cloud slicing

\

_ MWI-1V 18.7 GHz

20N

10N

70W

60'W 50 W

_MWI-9V 118.75 GHz
0'N

4

MWI-2V 23.8 GHz

_ MWI-6V 53.24 GHz

40 N

10'N

70°W

MWI-11V 118.75 GHz

40 N

60'W 50'W

~ MWI-3V 31.4 GHz

25 EUM/RSP/VWG/21/1243620, v1 Draft, 2 September 2021
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Multi-viewing multi-channel multi-polarisation Imaging (3Ml)

Objectives / products

® Aerosol — optical thickness, particle size,
type, height, absorption

® Volcanic Ash

® Cloud phase, height, optical depth

® Surface albedo

Multi-view: 1 ground target is seen 14 times

Multi-channel (12 channels from 410 to 2130 nm)

METimage

View 1

<>

Multi-polarisation (9 channels with -60°, 0°, +60° polarisers)

EUM/IM/TEM/21/1250548, v1A, 26 January 2022

METimage
View N

Py

Target

METimage

View 2N

www.eumetsat.int
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NEW MEASUREMENTS FROM EPS-SG

AEROSOLS

EUMETSAT H-SAF PR-OBS-1 Instantancous Rain Rate from Conical MW Scan
0 30°

8 10 12 14
Cloud droplet radius (um)

) K ICE CLOUDS

27 EUM/SCIR/VWG/18/992176, v2D, 13 April 2021 e EUMETSAT
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Preparing Users for EPS-SG
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MTG UP and EPS-SG UP: High Level Schedule

www.eumetsat.int

(2018 2019 2020 2021 (2022 2023 2024 2025 2026 (2027 2028

Commisionning
MTeuP —
Commisionning

MTG 12 Launch &

Commisionning _

Tranche 1 Tranche 2 Tranche 3 Tranche 4 Tranche 5 Tranche &

L-2 years for 12

(2018 2019 2020 (2021 (2022 2023 2024 2025 (2027 2028

L-2 years for A1

EPS-SG UP —— | g

Phase 1 Phase 2 ‘ Phase 3 Phase 4 Phase 5

MTGUP: Tranche 2 - Entered L-1 years phase for MTG-1I1
Core Themes Entered L-2 years for MTG-S1
« Test Data and Format Support
Science support EPS-SG UP: Phase 2
User Information and Communication
Training
Data Access

EUM/IM/TEM/21/1250548, v1A, 26 January 2022 29



EPS-SG Test Data and Format Support - Test Data schedule

www.eumetsat.int

SAT-A MWS L1-L2 Delivered (December 2019) Delivered (December 2022) . Test Data V2:
RO Delivered (December 2019) Delivered (January 2022) . gggasfgcienssgﬁgrnaelgg design
METimage L1 Delivered (February 2020) Delivered (January 2022) . updated format specifications
METimage L2 + CM Delivered (June 2020) Delivered (January 2022)
. , « Test Data V1 and V2:
3MI L1b Delivered (February 2020) Delivered (March 2022)
3MI L1c Delivered (April 2020) Delivered (March 2022)
3MI L2 + MAP Q2 2022
S5 L1 Q3 2022
S5L1L2 Q2 2023
IASI-NG L1D Delivered (February 2020) Delivered (March 2022)
IASI-NG L2 Delivered (April 2021) Q12022
IASI-NG L1C Delivered (February 2021) Q1 2022
SAT-B MWI = ICI L1 Delivered (February 2021) Q4 2022
MWI = ICI L2 Delivered (February 2021) Q4 2022
SCA Delivered (June 2020) Q4 2022

EUM/IM/TEM/21/1250548, v1A, 26 January 2022 30


https://www.eumetsat.int/eps-sg-user-test-data

User Preparation Webinar Series on Next-Generation Meteorological Satellites (MTG, EPS-SG)

» In 2020-2021, online User Preparation Webinars on all next-generation Observation Missions and key Applications

Overview of measurement principles
L1 and L2 product generation
Formats, test data and dissemination
Application perspectives

Open participation

Collaboration with SAFs, external
experts

Recordings, presentations, Q&A available online:

EUM/IM/TEM/21/1250548, v1A, 26 January 2022

www.eumetsat.int

13-14 Oct 2020

16-17 Feb 2021 217 49 64
20-21 May 2021 144 40 31
8-10 Jun 2021 174 33 103
14-15 Jun 2021 130 33 46
12-13 Oct 2021 122 30 45
27-28 Oct 2021 70 26 38
Q2 2022
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https://www.eumetsat.int/mtg-resources
https://www.eumetsat.int/eps-sg-resources

Development of material for MTG and EPS-SG applications and training

EUMETSAT Training team
Application guides
» Case studies
Jupyter notebooks
Simulators

Quick Guide - 1.37 yum Channel

P Y

‘I“.unn; E H

Download Quick Guide

RGB Quick Guide - Cloud Phase

EUMeTrain —
EUMETSAT training = ﬁ.
project L

* Product guides - m
* RGB quick guides

EUM/IM/TEM/21/1250548, v1A, 26 January 2022

Quick Guide - 2.25 ym Channel

—— E\

p
"%
=1

& 8

Download Quick Guide

RGB Quick Guide - True Colour

< Y =
-
.’
o
-
i - = n

Download Quick Guide

www.eumetsat.int

RGB Quick Guide - Cloud Type

Download Quick Guide

RGB Quick Guide - Fire Temperature

Download Quick Guide

32



Prototype Web-based Satellite Sounding Training Application

* An easy web interface to
« Simulate radiances and jacobians from satellite sounders
» Perform retrievals of temperature, humidity and other parameters

https://sounding.trainhub.eumetsat.int/ ,

e EUMETSAT HOME NOTEBOOKS HELP ABOUT
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Containerizecki Applications

NWPSAF
RTTOV
NWPSAF
1Dvar +
RTTOVGUI

Run RTTOV simulation

NWPSAF
diverse
Profile set

- ]

1D-Var
Retrieval
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NWP SAF Simulatio
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MTG and EPS-SG Observation Mission videos

* One animation per instrument
» Spectral and geometrical characteristics
» Visualisation of L1 and L2 products

* Links to completed MTG videos
« FCI>
¢ LI>
« Sentinel-4 UVN -
* |IRS nearing completion

« EPS-SG Videos
» Kicked off IASI-NG
« Aiming to complete by Q3 2022

EUM/IM/TEM/21/1250548, v1A, 26 January 2022 34


https://youtu.be/dSghwvFt8U8
https://youtu.be/EQJVo-OVvi4
https://youtu.be/Mj9szNkmu7c

F PS-SG Data Products

@ EUMETSAT MONITORING WEATHER AND CLIMATE FROM SPACE REERCH |

HOME IMAGES ABOUTUS SATELLITES DATA NEWS QUICK LINKS

EPS-SG DATA AND PRODUCTS
B Ref.:

METIMAGE

IASI-NG Radiances L global Pixel YES C||Ck th|s ||nk on EUMETSAT

SATELUITES . . o .
_ The future ESP-SG products are listed in this section.
CURRENT SATELLITES
FUTURE SATELLITES All EPS-SG global and Regional Level 1 and L2 products generated at EUMETSAT headquarters are shown in this table. While PrOd ucts by E U M ETSAT
Il th in this table will 1t lly at EUMETSAT, f th will be devel lid ithin th
METEOSAT THIRD GENERATION all the products in this table will be generated cenfrally at EUMETSAT, some of them will be developed and validated within the R
SAF Network or by ESA. i entra aClll
EUMETSAT POLAR SYSTEM - - - -
SECOND GENERATION For EPS-SG products generated by SAFs, see » EPS-SG higher-level online products to be generated within thej ° Satel I Ite Appl Icatlon
_ [EUMETSAT SAF Networkjand » EPS-SG higher-level offline products to be generated within the EUMET SAT SAF
BT Eee— Facility

SENTINEL-5 regional
ICl Spectra Principal Component L1D global Pixel YES We b pa g e :
oo e B
Temperature profile 2 global Pixel YES
regtosal
_ Water vapour profile 2 global Pixel YES
EPS-SG DATA S
EPS.SG USER TEST DATA Cloud detection and fractional 1Cr2 glol.>al IAS Pixel YES
coverage freom VIl and IAS regional
EP5-SG DATA AND Water vapour total column 2 global MWS Pixel YES
PRODUCTS from IAS and MWS regional
EPS-5G GROUND SEGMENT Cloud top phase 2 global Cloudy pixel YES
EPS-SG RESOURCES regional
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https://www.eumetsat.int/website/home/Satellites/FutureSatellites/EUMETSATPolarSystemSecondGeneration/EPSSGData/EPSSGdataandproducts/index.html

Summary of EPS-SG Mission

www.eumetsat.int

« EPS-SG will continue to be a key provider of information to improve Numerical
Weather Prediction (NWP) in Europe and worldwide

« EPS-SG also supports operational oceanography by providing ocean surface wind
vectors, sea surface temperatures, and sea ice cover

« Atmospheric composition applications particularly monitoring and forecasting of
air quality, ozone, aerosols and volcanic ash, and surface ultra-violet radiation, will
be served with high spectral and spatial resolution

« All EPS-SG observation missions will support climate monitoring, based on the
production of relevant Climate Data Records involving also heritage observations
from the EPS Programme.

« More Information available at:
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https://www.eumetsat.int/metop-sg

www.eumetsat.int

Thank you!

Questions are welcome.
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